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Abstract 
This research puts forward a design regarding a novel 
compact bi-directional UWB (1.9–12 GHz) tapered slot 
patch antenna that has dual band-notches characteristics 
within 3.4–3.9 GHz applicable for WiMax application and 
5-6 GHz applicable for WLAN (IEEE 802.11a and 
HIPERLAN/2 systems). A parasitic quasi-trapezoidal shape 
single split ring resonator SRR is positioned to secure the 
first WiMax band-notch to minimize the electromagnetic 
interference occurring in WiMax band. A single circular 
complementary split-ring resonator (CSRR) is etched to 
secure the second band-notch. Simulated and measured 
results showed a good match, thereby signifying that the 
proposed antenna is an optimum candidate for UWB 
communication applications along with the design 
guidelines to employ the notch bands in the preferred 
frequency regions. 
1. Introduction 
In recent years, ultra-wideband (UWB) antennas have 
gained much popularity to facilitate high data rate, low 
power density (≤ -41dBm/MHz), better communication 
security as well as provide a simple hardware configuration 
for the antenna to be used in practical applications [1]. The 
imaging system integrated with UWB technology offers 
higher resolution range as well as greater penetration depth 
inside the materials [2-4]. The UWB frequency region from 
3.1 to 10.6 GHz was assigned for the US Federal 
Communications Commission (FCC) for use in commercial 
applications. Many researchers have broadly presented 
tapered slots such as Vivaldi antenna (VA) [5-7] as an 
UWB antenna because of the associated low profile, wide 
bandwidth, high gain, good time-domain characteristics, as 
well as symmetric end-fire radiation pattern for both H-and 
E-planes. 
Several modified VA structures have been presented as well 
as studied in a bid to continue with good VA performance 
and decrease antenna size. The authors in [8] put forward a 
modified improved radiation VA that was based on choke 
slots as well as regular slots edge with a loaded lens. In [9], 
miniaturized version of AV antenna that had a tapered slot 
edge was presented rather than using a rectangular slot to 
fully utilize the radiating patch area. In [10], a tiny AV 
antenna that had good time-domain properties was 
presented. However, at low frequencies, directivity and 
antenna gain were low. The authors in [11] put forward a 
modified AV antenna that was based on a periodic slit edge 
geared with trapezoidal shaped dielectric lens and 
miniaturized size for extension of the low-frequency end and 
improve antenna gain during both high and low frequencies. 
In [12], an elliptically tapered AV antenna that contained 
comb-shaped slits, as well as curved inner edges near the 
bottom and top radiators, was put forward. The extension of 
the low-frequency band was done until 1.65 GHz to get the 
low-frequency high gain (9 dB at 2 GHz). In [13], an 
exponential slots edge AVA to improve the radiation and 
gain enhancement.  
In this research work, a new modified, bi-directional 
tapered slot antenna with miniaturized size along with 
UWB features was proposed. Dual band-notch was 
associated with the antenna, in the range 3.4–3.9 GHz 
suitable for WiMax application and 5–6 GHz suitable for 
WLAN (IEEE 802.11a and HIPERLAN/2 systems). 
 
2. Antenna Design  
2.1. Design without band-notch 
First, we present the basic antenna, lacking band-notch, 
which completely covers the UWB band. Fig. 1 shows the 
design of the put forward bi-directional tapered slot antenna, 
which includes two radiation tapered slot patches that are 
symmetrical. The printing of the antenna is done on the FR4 
substrate material with 1.5 mm thickness and dielectric 
constant	𝜀# = 4.4. The size of the substrate was found to be 45 × 55	mm2, which represents half the wavelength. A 50 
Ω coplanar waveguide fed line was linked to the antenna. 
The following exponential curves represent the inner and 
outer radiation flares edges [14]: 
 𝒚 = 𝑪𝟏𝒆𝑶𝒓	𝒙 + 𝑪𝟐                         … (1) 𝑪𝟏 = 𝒚𝟐2𝒚𝟏𝒆𝑶𝒓𝒙𝟐2𝒆𝑶𝒓𝒙𝟏                           … (2) 𝑪𝟐 = 𝒚𝟏𝒆𝑶𝒓𝒙𝟐2𝒚𝟏𝒆𝑶𝒓𝒙𝟏𝒆𝑶𝒓𝒙𝟐2𝒆𝑶𝒓𝒙𝟏                        … (3) 
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Here, determination of inner C1, C2is done by 𝑂# (opening 
Rate). 
 
Table 1 presents the put forward optimal parameters 
associated with the antenna. The finite-element method is 
employed to simulate the antenna by making use of the High 
Frequency Structure Simulator Ansoft HFSS 13 software 
[16]. 
 
 
 
Figure 1: Proposed bi-directional antenna. 
 
Table 1: Proposed antenna optimal parameters. 
 
Parameters L W LS h t Wf s 
Value (mm) 48 55 40.92 1.5 0.018 2.4 0.29 
 
 
Fig. 2 presents the simulation S11 variation occurring for the 
modified bi-directional tapered slot antenna with UWB. The 
antenna encompasses the frequency band from 1.9 GHz up 
to 12 GHz. 
 
 
Figure 2: Simulated S11 of the proposed UWB antenna. 
2.2. Single band-notch design 
This section explains the design pertaining to single 
band-notch UWB antenna. A single parasitic SRR is 
introduced to minimize the electromagnetic interference 
found in the WiMAX frequency band (3.4–3.9 GHz) as 
displayed in Fig. 3. The SRR is placed strategically at a 
distance of 0.4 mm from the substrate edge to satisfy 3.5 
GHz. The optimal parasitic SRR parameters are shown in 
Table 2 .Fig. 4 presents the S11 variation that has been 
simulated. At f=3.67 GHz, a high band-notch of −5 dB was 
centered, which was extended from 3.44 to 3.9 GHz. Fig. 5 
shows the simulated current distribution with regards to the 
radiating patch pertaining to the proposed antenna with a 
notched frequency of 3.67 GHz, which allows understanding 
the phenomenon responsible for this band-notch 
performance. For the current concentrates primarily on the 
parasitic SRR, the antenna impedance was seen to alter at 
this frequency because of the proposed structure’s band-
notched characteristics. Therefore, the suggested structure 
provides UWB characteristics that prevent any interference 
with the WiMAX. 
 
Table 2: Parasitic SRR optimal parameters 
Parameters a b c d e f g 
Value  (mm) 7.1 3.6 2.59 2.31 2.4 4 0.4 
 
 
 
Figure 3: Proposed bi-directional antenna with single band-
notch. 
 
 
 
 
Figure 4: Simulated S11 of the proposed single band-notch 
antenna. 
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Figure 5: Surface current distribution at f=3.67 GHz of 
single band-notch proposed antenna. 
 
2.3. Dual band-notch design 
For numerous applications of UWB, it is necessary that 
an UWB antenna is designed in a way that there is no 
electromagnetic interference with the WLAN band. 
Therefore, dual band-notched needs to be designed that can 
satisfy WLAN and WiMAX bands at the same time [15]. At 
a distance d2 away from the patch center, from the radiating 
patch, etching out of a single circular complementary split 
ring resonator (CSRR) is done. The final design regarding 
the suggested dual band-notch antenna is shown in Fig. 6. At 𝑓56789=5.5 GHz, tuning of the CSRR’s length L. is done by 
employing as [15]: 
 L = ;<	=>?@AB		CDEE                                … (4) 
 
Where L denotes the CSRR length, 𝜀FGG  represents the 
effective dielectric constant, which can be given as [15]: 
 εI== = CJKL< + CJ2L< M1 + L<	OP Q2	RS          … (5) 
 
Where εr is relative permittivity, h is dielectric substrate 
thickness, and W is conductor width. 
 
The simulated S11 variation is presented in Fig. 7. At f=5.5 
GHz, WLAN band-notch of –5 dB was centered, which was 
extended from 5 to 6 GHz. As shown in Fig. 8, at a notched 
frequency of 5.5 GHz, a simulated surface current 
distribution is presented for the proposed antenna’s radiating 
patch. For the current concentrates mostly on the inner and 
outer edges of the CSRR, it was seen that at this frequency, 
there is a change in the antenna impedance because of the 
proposed structure’s band-notched characteristics. 
Therefore, UWB characteristics are provided by the 
proposed structure with no interference in the WLAN and 
WiMAX. 
 
 
 
Figure 6: Proposed bi-directional antenna with dual-band 
notch characteristics. 
 
 
Figure 7: Simulated S11 of the proposed dual band-notch 
antenna. 
 
Figure 8: Surface current distribution at f=5.5GHz of the 
dual band-notch proposed antenna. 
 
3. Radiation pattern and gain 
This section describes the radiation pattern pertaining to 
the put forward dual band-notch UWB antenna. Fig. 9 
presents the simulated far-field radiation pattern relating to 
the put forward antenna at frequencies of 4.5, 6.77 and 10 
GHz pertaining to two principal planes, H- and E-planes. 
The 3D radiation plot is presented in Fig. 10. It can be said 
that end-fire characteristics are associated with the proposed 
antenna, which was found to be almost stable in the UWB 
frequency band. 
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E-Plane H-Plane 
  
4.5 GHz 
  
6.77 GHz 
  
10 GHz 
 
Figure 9: Simulated radiation patterns for the proposed 
antenna for the two principal planes (E-plane & H-plane), 
at three different operating frequencies.
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              (a)                            (b),                           (c) 
Figure 10: Simulated 3D radiation patterns for the proposed 
antenna at the frequencies: (a) f=4.5GHz, (b) f =6.77 GHz 
and (c) f =10 GHz. 
4. Experimental measurement 
Fig. 11 shows the proposed dual band-notch antenna 
prototype. The proposed antenna is fabricated by using 
LPKF ProtoMat S100. The Anritsu Wiltron MS4642B 
Vector Network Analyzer was employed for the 
measurement. The measurement setup employed to 
characterize the proposed antenna is presented in Fig. 12. 
 
 
 
Figure 11: Dual band-notch antenna prototype 
  
 
 
Figure 12: Measurement setup for the dual-band notch 
antenna. 
 
With regards to S11, the dual-band notch antenna structure’s 
measurement and simulation results, as presented in Fig. 13, 
were compared. A good agreement could be established 
with a minor difference between the results. Such difference 
could be due to soldering defect, SMA mismatch, substrate 
and copper losses and certain error in the fabricating 
process. 
 
 
Figure 13: Measured and simulated S11 of the proposed dual 
band-notch antenna. 
 
5. Conclusion 
This paper describes a new compact UWB (1.9–10.6 
GHz) bi-directional tapered slot antenna that possesses dual 
and single band rejection properties. Two approaches were 
put forward pertaining to UWB band-notched design. With 
the help of single parasitic SRR that is trapezoidal, we 
presented the first band-notch. Based on this structure, high 
band notch could be obtained with about 5 dB at f=3.67 
GHz. The second WLAN band-reject is obtained at f=5.5 
GHz via a single circular CSRR etched out from the 
radiating patch. Therefore, UWB characteristics were found 
with the put forward structure with no interference seen in 
the WLAN and WiMAX. A good agreement was 
established between simulated and measured results, which 
suggest that this antenna is optimum for operating in 
imaging and UWB communications. 
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